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Objectives: The aim of the present study was to analyse the effects of various vasodilating stimuli on postoperative 
infrainguinal graft haemodynamics. 
Design: Duplex derived haemodynamic parameters of infrainguinal bypass grafts were measured at rest and after 
postocclusion reactive hyperaemia, intraarterial papaverine (40 mgm) injection and peroral nifedipine (10 rag) 
administration. 
Setting: Department of Surgery, University Hospital. 
Materials: Twenty-nine patients with infrainguinal bypass grafts were studied by Duplex scanner after a median of 25 
months postoperatively. 
Chief outcome measures: Peak systolic velocity (PSV), mean velocity (MV) and volume flow (VF) were measured atrest 
and after various stimuli. 
Main results: VF at rest increased from 125 + 16 ml/min (mean + S.E.M.) to 271 +26 ml/min after papaverine 
administration and to 205 +_ 19 ml/min during reactive hyperaemia (p < 0.001). PSV, MV and VF increased significantly 
during postocclusion reactive hyperaemia and papaverine injection. After nifedipine administration VF increased to 154 
+_ 21 ml/min after 30 rain (p < 0.001) and there was a significant increase in MV (p < 0.05). 
Conclusions: Duplex derived flow measurement of infrainguinal bypass grafts can evaluate graft and limb 
haemodynamics in the postoperative period. Pharmacological manipulations, uch as vasodilation, can influence the 
physiological runoff with subsequent increase in volume flow through the graft. 
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Introduction 
It is generally believed that the distal runoff influences 
the outcome of infrainguinal bypass grafts. Severe 
atherosclerotic involvement of the runoff vessels is 
one factor esponsible for a high peripheral resistance 
causing impaired graft flow leading to early failure. 
Theoreticall)~ pharmacological manipulation, such as 
peripheral vasodilation, can influence the physio- 
logical runoff and the resultant increase in volume 
flow through the graft might improve outcome. 
Although intraoperative runoff resistance assessment 
and peroperative r sponse of peripheral vascular bed 
to papaverine has been extensively studied, 1'2 little is 
known on the influence of various vasodilating 
situations on haemodynamics of infrainguinal bypass 
grafts in the postoperative period. 
Please address all correspondence to: Sadettin Karacagil, Depart- 
ment of Surger)~ University Hospital, Uppsala, S-751 85, Sweden. 
The aim of the present study was: 1) to analyse 
the haemodynamic response of the peripheral vas- 
cular bed to various vasodilatory stimuli in legs 
having undergone infrainguinal bypass reconstruc- 
tions and to correlate this response to the angiographic 
distal runoff; 2) to study the possibility of pharmoco- 
logical manipulation of distal runoff by means of 
peroral nifedipine administration i  an attempt o 
increase the volume flow through the bypass graft. 
Material and Methods 
Twenty-nine patients with 19 femoropopliteal nd 10 
femorodistal reconstructions (12 in situ veins, eight 
reversed veins and nine composite vein-ePTFE) were 
studied. There were 18 males and 11 females whose 
ages ranged from 52 to 84 years (median 74 years). Ten 
patients were hypertensive, 14had diabetes, three had 
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cerebrovascular disease, coronary artery disease was 
present in 10 and 17 had a history of smoking. The 
indications for surgery were claudication i four, rest 
pain in 13 and gangrene in 12 patients. Limb salvage 
criteria were as recommended by Rutherford et al. 3 
Intraoperative postreconstruction a giography 
was performed to obtain serial exposures of the 
reconstructed segment, lower leg and pedal arteries. 
The concept of angiographic runoff classification has 
been described in detail previously. 4' 5 In summary, 
good runoff was defined as patency of two or three 
lower leg arteries to the foot (n -- 6), or one patent 
vessel continuous with an intact anterior or posterior 
foot arch in femoropopliteal (n = 10) and proximal 
femorodistal bypasses (n = 5), and integrity of both 
arches in low femorodistal bypasses (n = 3). All other 
outflow patterns were considered as poor (n = 5). 
A Duplex scanner (Acuson 128 XP) with a 7.5 
MHz transducer was used to measure the peak 
systolic velocity (PSV) (m/s), mean velocity (MV) 
(m/sec), time averaged velocity (TAV) (cm/s) and the 
internal diameter of the graft 10-20 cm below the 
proximal anastomosis. The diameter of the graft was 
measured from either the cross-sectional or longitudi- 
nal B-mode image. The sample site for the velocity 
measurements was the site for the diameter measure- 
ment and 60 degree angle of insonation was used for 
all velocity measurements. The Doppler sample vol- 
ume was placed in the center of the graft and the 
smallest sample volume length of 1.5 mm was used. 
The site of the measurements was marked on the leg 
in order to use the same sampling site for repeated 
measurements. Three separate velocity and diameter 
measurements were taken and averaged. Volume flow 
(VF) through the graft was calculated according to: VF 
(ml/min) = TAV × A where TAV = time average 
velocity (cm/s) and A = cross-sectional rea of the 
graft (fir2). 
Velocity and diameter measurements were made 
under the following conditions: 
1) initial measurements after 15 min rest; 
2) a pneumatic cuff at the calf below the site of distal 
anastomosis was inflated to suprasystolic pressure for 
3 min and postischaemic reactive vasodilation meas- 
urements were taken immediately after the release of 
the cuff; 
3) 15 min after the reactive hyperaemia test, 40 mg 
papaverine was injected into the graft in the groin and 
immediate continuous velocity monitoring was done 
for detection of the maximal velocity registration; 
4) 15 min after the papaverine test the patients were 
given 10 mg oral nifedipine and the measurements 
were taken after 30 min. 
Duplex ultrasonography was performed after a 
median of 25 months postoperatively (range 2-48 
months). The Wilcoxon signed rank 2-tailed test was 
used for statistical comparisons. A confidence l vel of 
less than 5% was regarded as significant. 
Results 
PSV, MV and VF measurements at rest, during 
reactive hyperaemia, fter papaverine and nifedipine 
Table 1. Duplex derived haemodynamic parameters {mean + 
S.E.M.) 
PSV MV VF 
(m/s)  (m/s)  (ml /min)  
At rest 0.79 _+ 0.04 0.41 + 0.02 125 + 16 
Reactive hyperaemia 0.97 _+ 0.05 0.53 + 0.03 205 _+ 19 
Papaverine 1.02 + 0.09 0.56 _+ 0.06 272 + 26 
Nifedipine 0.81 + 0.05 0.46 + 0.03 168 _+ 26 
(n = 29) 
administration are summarised in Table 1. PSV, MV 
and VF increased significantly during postocclusion 
reactive hyperaemia and papaverine injection. VF at 
rest increased from 125 + 16 ml/min (mean + SEM) 
to 272 + 26 ml/min after papaverine administration 
and to 205 + 19 ml/min during reactive hyperaemia 
(p < 0.001). Thirty minutes after nifedipine administra- 
tion VF increased to 168 + 26 ml/min (p < 0.001). No 
significant increase in PSV was observed after nifedi- 
pine administration, but there was a significant 
increase in MV (p < 0.05). The increase in VF after the 
various vasodilating stimuli is summarised in Table 
2. 
Table 2. Volume flow response to reactive hyperaemia, papaverine 
and ni fedip ine (% of patients) 
Stimuli No change % increase 
25-50 50-100 > 100 
Reactive hyperaemia 15 26 19 41 
Papaverine 10 14 19 57 
Nifedipine 31 21 34 14 
No significant differences were found between 
femoropopliteal nd femorodistal bypass grafts with 
regard to measurements at rest or response to reactive 
hyperaemia, papaverine or nifedipine administration 
(Table 3). VF increase was more prominent after 
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Table 3. Duplex derived haemodynamic parameters in femoropopliteal and femorodistal bypass grafts (mean + S.E.M.) 
Femoropopliteal bypass Femorodistal bypass 
(n = 19) (n = 10) 
PSV MV VF PSV MV VF 
(m / s) (m/s) (ml / min) (m / s) (m / s) (ml /min) 
At rest 0.80 _+ 0.05 0.41 + 0.03 125 _+ 23 0.77 + 0.09 0.42 + 0.05 124 _+ 21 
PORH 1.02 _+ 0.06 0.55 + 0.04 211 + 24 0.89 + 0.10 0.48 + 0.06 175 _+ 25 
Papaverine 1.04 _+ 0.11 0.59 + 0.08 283 +_ 35 0.97 _+ 0.15 0.57 + 0.12 261 +_ 28 
Nifedipine 0.86 + 0.06 0.48 + 0.04 170 + 38 0.78 + 0.08 0.44 + 0.05 164 + 25 
PORH: Postocclusion reactive hyperaemia 
papaverine injection than response to reactive hyper- 
aemia in both bypass groups. In femorodistal 
bypasses however VF increase induced by reactive 
hyperaemia was lower than by papaverine. 
VF, PSV and MV at rest or response to reactive 
hyperaemia, papaverine or nifedipine did not show 
any correlation with angiographic runoff. However 
there were only five patients with poor runoff (three 
femorodistal and two femoropopliteal bypasses). 
No significant difference was found between 
composite vein-PTFE or vein grafts in regard to VF, 
PSV and MV at rest or response to reactive hyper- 
aemia, papaverine or nifedipine administration. All 
nine composite vein-PTFE grafts demonstrated more 
than 50% increase in initial volume flow after papa- 
verine administration. All but one after the reactive 
hyperaemia test and five after nifedipine administra- 
tion showed a similar response to papaverine. How- 
ever the increase in volume flow was more prominent 
after papaverine as was the case with vein grafts. 
Discussion 
Infrainguinal bypass grafting has become an estab- 
lished method in the treatment of severe lower limb 
ischaemia. However, failure of reconstructions con- 
tinue to occur in a substantial proportion of cases. 
Apart from graft material and technical problems 
during surger)~ the distal runoff is probably the most 
important factor affecting the outcome of these proce- 
dures. Sequential bypass, adjuvant distal arteriove- 
nous shunt or sympathectomy have been suggested to 
augment the runoff from the graft. Another theoretical 
possiblity for augmentation of runoff is pharmaco- 
logic manipulation of the distal vascular bed with 
vasodilators. Iloprost, a stable prostacyclin mimetic 
with anti-thrombotic and peripheral vasodilating 
effects, demonstrated an immediate decrease in 
peripheral resistance associated with a prolonged 
increase in femorodistal graft blood flow. 
In the present study the effects of different 
peripheral vasodilating stimuli on infrainguinal 
bypass graft haemodynamics were analysed in order 
to study the reaction of distal peripheral runoff and 
also to evaluate the possible beneficial effect of 
nifedipine as a future therapeutic option. Reactive 
hyperaemia nd intraarterial papaverine administra- 
tion are known to be potent peripheral vasodilating 
stimuli and used in this study for evaluation of the 
functional capacity of the distal vascular bed. Nifedi- 
pine was used for practical reasons such as the short 
time to reach maximal effect after oral administration 
and negligible side effects. Reactive hyperaemia, 
intraarterial papaverine and oral single dose nifedi- 
pine (10 mg) demonstrated significant increase in VF. 
Maximum response was observed after papaverine 
administration. Three-minute postocclusion reactive 
hyperaemia nd 40 mg intraarterial papaverine injec- 
tion demonstrated more than 50% increase in volume 
flow through the graft in 60% and 75% of patients, 
respectively. 
Papaverine has been used extensively to optimise 
measurements of peripheral vascular esistance. Ascer 
et al. 7 were unable to predict the outcome of bypass 
grafting by calculating the peripheral resistance from 
an infusion of saline down the graft after completion 
of the distal anastomosis with or without papaverine. 
Beard et al. 2 were able to predict outcome by measur- 
ing blood flow down the graft using a Doppler flow 
meter and the predictive accuracy was improved by 
papaverine. Parvin et al. 8 demonstrated that the effect 
of papaverine was so transient that there was insuffi- 
cient time to measure resistance. Two of our patients 
did not show any increase in VF after papaverine 
injection which might have been due to a delay in 
measurements and the short half life of papaverine. 
The increase in VF after papaverine administration 
was more prominent han the response to reactive 
Eur J Vasc Endovasc Surg Vol 9, January 1995 
110 S. Karacagil et  al. 
hyperaemia only in patients with femoropopliteal 
bypass. This might be due to the low level of 
tournique application in patients with femorodistal 
bypasses resulting in less marked reactive 
hyperaemia. 
Nifedipine was chosen in this study not only 
because of the practical reasons mentioned previously 
but also because of the possibility of evaluating its 
long term effect as maintenance therapy in future 
studies. The effect of calcium-entry blockers on 
peripheral vascular vessels have been studied mostly 
by analysing the diameter and compliance changes of 
the brachial and carotid arteries.9-11 In a double-blind 
study involving healthy volunteers, increasing doses 
of nicardipine increased the brachial and common 
carotid artery diameter in a dose dependent manner. 9 
Systemic blood pressure did not change, suggesting 
that calcium-entry blocker acted on the arterial wall 
independently of pressure-induced mechanical 
changes. In patients with sustained hypertension, a 
single oral dose of nifedipine caused a significant 
increase in arterial diameter in the brachial, but not in 
the carotid arteryY Experimental studies indicate that 
calcium antagonists do  not prevent the rele~ase of 
either endothelium derived relaxing factor or endo- 
thelium dependent Contracting factor. 12 They act by 
facilitating the inhibition exerted by the former and 
preventing the activation of vascular smooth muscle 
by the latter. In addition to changes in arterial 
diameter, calcium blockers cause a significant increase 
in arterial compliance. 1°' 11, 13 It is important to point 
out that the results of these studies cannot be extended 
to other parts of the arterial tree due to heterogenicity 
of the composition of the vessel wall. Systematic 
studies on lower limb vessels are lacking. In this study 
14 (48%) patients howed more than 50% increase of 
VF in the graft after single dose nifedipine administra- 
tion. It is reasonable tospeculate that a better esponse 
might be observed with higher doses of nifedipine. 
The sequential pattern of administration of various 
stimuli in this study might have had some effect on 
the haemodynamic responses. A prospective study, 
analysing only the effect of various doses of nifedipine 
in the early postoperative period is planned. 
In the presen~ study no significant difference was 
noticed between composite vein-PTFE and vein grafts 
in regard to haemodynamic responses after various 
stimuli. Theoretically, the response to vasodilating 
stimuli might be limited in limbs with PTFE grafts 
because of poor compliance of the graft material. On 
the other hand, increased volume flow through PTFE 
grafts might be due to decreased peripheral vascular 
resistance which in turn causes increased blood flow 
velocity without a change in the graft diameter. 
The peroperative angiographic runoff did not 
show any correlation with the response to peripheral 
vasodilation with different stimuli in this study. This 
might be partly due to the small number of cases with 
poor runoff and partly due to the long time interval 
between surgery and the Duplex studies. Another 
reason might be that arteriographic s oring systems 
do not correlate well with the physiological runoff as 
has been suggested by Scott et al. 14 
The results of this study indicate that pharmaco- 
logical manipulation ofdistal vascular bed might offer 
beneficial effects after infrainguinal bypass urgery. A
prospective randomised trial, analysing the effects of 
calcium blockers on Duplex derived haemodynamic 
parameters of infrainguinal bypass grafts in the early 
and intermediate postoperative period is necessary. 
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